In our previous papers on ballistic quantum transport in nano-transistors [J. Appl. Phys. 98, 84308 (2005)] it was demonstrated that under certain conditions it is possible to reduce the threedimensional transport problem to an effectively one-dimensional one. We show that such an effectively one-dimensional description can be cast in a scale-invariant form. We obtain dimensionless variables for the characteristic channel length l and width of the transistor which determine the scale-invariant output characteristic. For l > ∼ 10, in the strong barrier regime, the output characteristics are similar to that of a conventional MOSFET assuming an ideal form for l → ∞. In the weak barrier regime, l < ∼ 10, strong source-drain currents lead to i-v characteristics that differ qualitatively from that of a conventional transistor. Comparing with experimental data we find qualitative agreement. 
illuminating approach to describe the electron dynamics in such small structures is to assume ballistic quantum transport (for a recent review see Ref. [4] ). It is found for a long enough electron channel that the output characteristic is similar to that of a conventional transistor.
However, in this quantum ballistic transistor (QBT) regime source-drain tunneling currents cause residual slopes in the ON-state and the development of only a quasi-OFF-state. In
Refs. [5, 6] it was shown that separating the ON-state of classically allowed transport and the quasi OFF-state of tunneling transport there is a threshold characteristic (TH) which exhibits a close-to-linear dependence of the current on the drain voltage. Above the TH, in the ON-state, the I-V curves are characterized by a negative bending and below the TH by a positive bending. In Refs. [5, 6] it was furthermore demonstrated that for a narrow electron channel the complete three-dimensional quantum problem can be approximated by an effectively one-dimensional one (Fig. 1) .
In the present paper we recast our effectively one-dimensional description of quantum transport in a nano-transistor in a scale-invariant form. The scaled output characteristics of a transistor are governed by its dimensionless characteristic length l = L/L 0 and the width w = W/(πL 0 ), which are given by its physical length L and width W in units of the scaling length L 0 = (2m * F ) −1/2 . Here F is the Fermi energy in the source contact and m * is the effective mass in the electron channel in transport direction. The characteristic length permits a classification of source-drain barriers in terms of their strength. In the strong barrier regime, l > ∼ 10, typical output characteristics in the QBT regime occur. As l → ∞, ideal output characteristics (IOC) are assumed with a vanishing residual slope in the ON-state and a clear OFF-state exhibiting negligible leakage currents. In the weak barrier regime, l < ∼ 10, strong source-drain currents lead to I-V characteristics which differ strongly from that of a conventional transistor. In the limit of large w we relate our scaling theory to the experiments and find qualitative agreement.
In 
drain voltage which is assumed to fall off linearly so that
Such a piecewise linear potential [7] or more complex potentials with the same qualitative behavior [4] have been used in the literature. We calculate the drain current through
with the normalized drain current i = I/I 0 ,
results from the transmission coefficient t S (ˆ ) of a source-incident scattering function in a one-dimensional scattering problem associated with the effective Schrödinger equation
Here we haveŷ = y/L, β = 2m
S/D, and v S = 0. The three-dimensional geometry of the transistor determines the choice of the supply function F . For a narrow transistor (small W ) it was shown in Ref. [6] that at T = 0 it is given by F (x) = Θ(x). In a straightforward way one can generalize this result to a wide transistor yielding F (x) =ŵ √ xΘ(x), with the normalized transistor widtĥ
To consider an I-V chart I(U G , U S ) we represent the gate potential U G by the parameter
, which is the deviation of the Fermi energy in the source contact from the maximum of the source-drain barrier (see Fig. 1 (b) ). 
we introduce the dimensionless characteristic length of the transistor as l = L/L 0 with the scaling length contacts like in a Schottky barrier transistor [9] . Here larger F are possible which according to Eq. (3) lead to smaller L 0 and larger l.
In summary, we present a scaling theory for quantum transport in nano-transistors. The scaled i-v characteristics depend on the dimensionless characteristic length of the transistor channel which allows for a classification of a given source-drain barrier in terms of its strength. In the strong barrier regime, l > ∼ 10, the output characteristics are similar to that of a conventional MOSFET assuming an ideal form for l → ∞. In the weak barrier regime strong source-drain currents occur and the i-v characteristics differ strongly from that of a conventional transistor.
